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Introduction 
The Transforming Growth Factor beta (TGF-β) superfamily includes three isoforms 

designated TGF-β1, β2 and β3. All three isoforms are secreted as latent complex where the TGF-
β cytokine is non-covalently associated with an isoform specific latency-associated peptide 
(LAP). Mature cytokine binds cell surface receptors only after release from its LAP making 
extracellular activation a critical regulatory point for TGF-β bioavailability. Proposed activation 
mechanisms include proteolysis and conformational changes. Previous work from our laboratory 
showed that latent TGF-β1 (LTGF-β1) is efficiently activated upon exposure to reactive oxygen 
species (ROS). 

ROS activation is restricted to the LTGF-β1 isoform. Because of the amino acid sequence 
differences between the three LAPs, we postulate that the specificity of this activation 
mechanism lies within the LAP. Furthermore, we hypothesize that the presence of a metal in the 
latent complex could provide a redox active center for this process. Redox mediated activation 
provides a novel mechanism for TGF-β participation in tissues undergoing oxidative stress. 
Moreover, this would allow TGF-β1 to act both as a sensor of oxidative stress within tissues as 
well as a transducer of that signal by binding to its cellular receptors. 
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Body 

Progress 
We have characterized the effect of reactive oxygen species (ROS) on TGF-β .  This research 
has discovered that LTGFβ-1 contains a redox switch centered at methionine 253, which 
provides the mechanism by which ROS mediates activation by the oxidation of LTGFβ-1.  This 
mechanism of activation leads to the rapid and efficient release of TGF-β1 independent of a 
requirement for = other proteins. Detailed information for this work is published in Radiation 
Research Jobling et al (2006), which summarizes the work until the 2006 annual report and has 
been attached into the appendix of this report to review further details. 

To enable LTGFβ-1 to act as a redox switch, we postulate the presence of transition metals bound 
either adventitiously or specifically to LAP-β1. The combination of a transition metal with ROS 
would lead to site specific oxidation of methionine 253 and activation of the latent complex. The 
standard methods to determine the presence of metals in proteins, like atomic absorption 
spectrometry, inductively coupled plasma combined with atomic emission spectroscopy (ICP-
AES), mass spectrometry (ICP-MS), synchrotron techniques such as x-ray fluorescence 
spectrometry, or extended x-ray absorption fine structure (EXAFS), require large amounts of 
protein. These tests are impracticable in the case of LTGFβ which is difficult and costly to 
synthesize and purify in quantity. Therefore, we worked on the optimization of a new 
chemiluminescent and colorimetric method described by Hogbom et al (2005). The advantage of 
this method is the low concentration of proteins used to determine the presence of transition 
metals.  

The results obtained for these experiments are included in the 2007 annual repot. The data showed 
that at least 1 nmol of metal is necessary to run the test with confidence. We therefore calculated 
the minimum amount of LTGF-β necessary for the assays according to its molecular weight 
(110KDa) and assuming one metal ion bound per molecule. The minimum amount of 1nmol of 
metal ion per well necessary as determined in the above standardization assays translates into 
100µg of LTGF-β per well (8µl), which corresponds to a concentration of 12.5 µg/µl. This is still a 
very high concentration of LTGF-β especially because it is biologically functional on the order of 
picomolar concentrations. It is very difficult to obtain by synthesis or commercially such high 
quantities of LTGF-β, even more for all three different isoforms. In order to investigate further 
determination of transition metal binding to LTGF-β, we had been looking for different sources to 
obtain the necessary amount of protein to run the analysis but unfortunately it was impossible for 
us to get enough quantity of LTGF-β to run the test with confidence. 

To further study the activation of LTGF-β1 by ROS, we transduced immortalized wild type or 
Tgfβ1 null murine embryonic fibroblasts (MEF) with cDNA encoding wild type LTGF-β1 or a 
mutant LTGF-β1 bearing a point mutation that substitutes methionine for alanine at position 253 
(Jobling et al. 2006). As described before the M253A mutation leads to loss of response of LTGF-
β1 to ROS.  

Because transfection efficiency is very low for primary fibroblasts and because stable transfection 
is a long process, we followed a procedure (Jianming Xu, 2005) to obtain immortalized MEF cell 
lines prior to transfection. Several strategies were used to transfect the MEF cell lines with the WT 
and mutant LTGF-β1, although none of them was able to transfect with success. In the last two 
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month of project, we successfully stably transduced the LTGF-β1 and the three mutant versions 
(M112A, M132A or M253A) cDNAs using virus particles. The WT and mutant LTGF-β1 cDNA 
sequences were inserted into a pCDNA3 vector. The cDNAs sequences of interest were transferred 
from the pCDNA3 vector to a pMSCVpuro to generate viral particles used to transduce the WT 
and mutant LTGF-β1 cDNAs into the MEF cell lines.  

The first step consisted of digestion with the restriction enzyme EcoRI to cut the cDNAs of interest 
from the vector pCDNA3. Then the cDNAs sequences were purified from the vector sequences 
using a high grade agarose gel. Once recuperated the cDNAs were ligated into the pMSCVpuro 
vector. Five different pMSCVpuro vectors were generated containing one of the corresponding 
LTGF-β1 cDNAs. Each one of those vectors was used to transfect PT67 cells. Transfected PT67 
cells produced viral particles containing the sequences of interest. These viral particles were 
secreted to the culture media which was collected and incubated to transduce our MEF cell lines 
(MEF Tgfβ1 null or wildtype). Finally the MEF cell lines were grown with puromycin to select 
only the transduced MEF cells. 

After selection with puromycin, the transduced MEF cells were split in two groups sham and 
treated with IR (1Gy). After the treatment, the media of both groups was switched to serum-
replacement conditioned medium (SRM) and collected 24h later. Media subjected to heat, a 
treatment known to result in LTGFB-1 activation, will be used to measure the presence of TGF-β1 
and compare the results obtained for non-transduced MEF cells between different mutant versions 
of LTGF-β1 transduced into MEF as well as sham and irradiated groups. Although we have 
finished collecting the media samples, the presence of LTGF-β1 will be measured on the following 
weeks after submit this report. 

Conclusions  

We identified LTGF-β1 as the unique LTGF-β isoform that is activated by ROS, and showed 
that the target for ROS-activation is located in the methionine 253 of the LAP-β1. The fact that 
the LAP-β1 oxidation is reversible indicates that LTGF-β1 could act as a redox switch. TGF-β is 
clearly implicated in the response to ROS, generating tissue response to inflammation (Wahl 
1994), ischemia (Anscher et al. 1995), and radiation (Ewan K. et al. 2002), which could lead to a 
cascade were LTGF-β1 is activated by ROS and TGF-β1 stimulates cells to produce ROS. 
Overproduction of TGF-β is frequently a contributing factor to progressive fibrosis (Takehara 
2003), autoimmunity and chronic inflammatory diseases (W. Chen and S. M. Wahl, (1999)) as 
well as cancer (Derynck, et al. (2001)).  

Recent reports have confirmed in a large cohort that a TGFβ1 polymorphism that leads to 
increased synthesis associates with risk of breast cancer (Cox. DC. et al. 2007). Genetic 
polymorphisms are defined as small variation in the genetic sequence of different individuals can 
lead to diverse phenotypes. Our observations prove that only one (LTGF-β1) of the three LTGF-
β isoforms could be activated with ROS and this characteristic is due to a single amino acid 
variation at position 253. These observations suggest that further investigation in humans might 
examine this region for polymorphisms that could affect the activation of TGFβ by ROS and 
thereby alter the response to oxidative stress. 
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